ARE Sept. I9te 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTIC 




WARTIME REPORT 



ORIGINALLY ISSUED 

September 19^2 as 
Advance Restricted Report 



EFFECT OF GROUND ON CHARACTERISTICS OF MODEL 0? A 
LOW-WING AIRPLANE WITH FULL-SPAN SLOTTED FLAP 
WITH AND WITHOUT POWER 
By I. G. Recant and A. R. Wallace 



Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 




i 
i 

i 
1 
I 



N AC A LIBRARY 

langley memorial aeronautical 

laboratory 

NACA 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort. They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution. 




L - 335 



3 1176 01354 2676 

NAT I OH Al ADVISORY COMMITTEE EOE AERONAUTICS 



' ■ ADVANCE RESTRICTED -REPORT :iv: ■" -* 



. ETEEOT OP "GROUND'- OH ' CHARACTER 1ST I OS 01 '.>KODEL - 01 - A 

' " LOW-WING AIRPLANE WITH PUlL-S PAH" ■ SLOTTED FLAP 

* 2i' ..."•.'■'*■- .. ■.■ ■ »■ r .".. ■■ ■■ i . •' 

'••'WITH AND "WITHOUT- JPOWER ■' • ■" 

*••-'■' * •••By Ik' GF. 1 -Recant and- A. "R. 'Wallso'e " : 

. » .... .i ■ - i . . .... 



SUMMARY 



Ground— effect teste were made in the LMAL 7— by 10— 
foot' tunnel -of a model of a low— wing, pur suit— type air- 
plane equipped with a full— apan 25— per cent— chord slotted 
flap* ■ The model was mounted at two heights aboVe a flat 
plate that represented the ground and was tested with and 

■.without power. At each height and power ' bonftit ion , tests 
were made with two stabilizer and Beveral- elevator sottings. 

• tfe'sts were also made with the tail removed^ Sufficient 
data were obtained to determine the elevator deflection re- 
quired for trim and the downwash angles in the region of 
the tail at each lift coefficient. Th-e downwash angles 
derived from the power— off test data for one height above 
the ground plate were compared with computed angles. 

It was found that the elevator deflect ion ■ required 
for landing- in a three— point attitude with the full— span 
slotted flap was oone-ider ably greater than that required 
with a partial— span split flap. The' application of power 
reduced- the required deflection. The presence of the 
ground reduced the downwash angle and the rate of change 
of dowriwash angle with angle of attack, either with or 
without power. Computed values of the downwash angle (if 
the effeot of the windmilling 'propeller • is ' neglected) were 
about lf° lower than those values "de'r ived from the 'test 
data. Computed values of elevator deflection required for 
trim would therefore be about 3 higher than the values 
obtained in the tests with the propeller windmilling. 

INTRODUCTION 



The problem of getting the tail down for landing has 
always been of importance because the elevator deflection 
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required to trim the airplane near maximum lift coeffi- 
cient is markedly increased 07 the presence of the ground 
(reference l). In fact, the ability of the tail to trim 
the airplane near the ground at the angle of attack for 
maximum lift coefficient has been a major criterion in 
the design of the tail. The present trend toward the use 
of full— span flaps has made this criterion critical, and 
computations have shown that it may be difficult, if not 
impossible to meet this requirement with the tail arrange- 
ments now in use. Considerable uncertainty also exists 
about the effect of the ground plus the slipstream (when 
the airplane is landing with power or taking off) on the 
characteristics of the airplane. The present report 
describes the tests made to provide information on these 
subjects. 

A model, equipped with a full— span 25— per cent— chord 
slotted flap, was tested in the presence of a ground board. 
The use of a ground board or plate to represent the ground 
is justified, at least for determination of elevator de- 
flections required for trim when the airplane lo landing, 
because previous tests using a plate have given results 
that agree satisfactorily with flight data (reference 2). 



HOD EL A1TD APPARATUS 



The model used, which is shown in figure 1, is very 
similar to tho l/5-scalo model of the Curtiss P— 36A air- 
plane. The wing ha3 the sane area, plan form, section, 
aspect ratio, and so forth, as the P-36A model* In ad- 
dition, it is fitted with a 25-per cont— chord slotted flap 
that covers about 93 percent of tho span. The flap iB 
deflected 30° and extends under the fuselage with the gap 
between the two halves sealed. The fuselage in side ele- 
vation is the same as the fuselage of the P— 36A model. 
It was modified in plan form to eliminate the concavity at 
the cowl that is present on the fusolcge of the P— 36A 
model. The tail surfaces and the landing gear are the 
same as those used on the P— 36A model. 

Power was obtained from a 56— horsepower water— cooled 
induction motor fitted with an electrically indicating 
tachometer and mounted in tho nose of the model* A metal, 
2— foot— diameter propeller with three adjustable blades was 
used. The blades were set at 25° at thr oe— quart ers of the 
propoller radius for all the tests. 



The ground, was simulated "by a flat wooden plate ex~ 
tnnding completely across the tunnel and several feot in 
front of and. behind, the model... ..ThiB plate could' Slide on 
vertical rods, -which were placed one at each corner, in 
such a way that the distance .from the. model to the plate 
could he set at any desired value. The plate is fully 
described in references 2 and 3. 



TESTS AND RESULTS 



Test conditions .— The tests were made in the LHAL 7— 
"by 10— foot 1 wind tunnel. A dynamic pressure of 16.37 pounds 
per square foot was maintained for all. tests, correspond- 
ing to a velocity of about 80 miles per hour under standard 
sea— level conditions and to a test Reynolds number of about 
1,000,000 basedon the wing mean aer'odynamio chord of 16.32 
inches . 

Coefficients and symbols .— The results of the tests 
are given in the form of standard HACA coefficients of 
force and moment .based on model .wing area "and mean aerody- 
namic chord'. All moments are taken about the center— of— 
gravity location (26.7 percent of the mean aerodynamic 
chord) shown in figure 1. The coefficients are defined bb 
follows : 

0 D drag coefficient (propeller off) (D/q 0 S) 

0j) E resultant drag coefficient (propeller on)CD^/q 0 S) 

0 L lift coefficient (L/q 0 S> - 

0 n pitchlngr-moment coefficient about center of .gravity' 
(M/q 0 Sc.) ■ 

Cjn t pitching— moment coefficient about center of gravity 
due to tail (Mt/q 0 Sc) . 

T c ' effective model thrust coefficient (T e /qS) 

T c effective propeller thrust ■ coefficient 

( T c ° = lil8 T c J 



■ where 1 

D drag with propeller off 
D£ resultant drag -with propeller on 
L lift 

K pitching honent 

Mfc . pitching noneiit due to tail 

q. 0 froe— strean dynamic pressure (16.37 It /bo. ft)^-|pV s .^ 

S wing area (9.44 sq. ft) 

"B" ' ' wing mean aerodynamic chord (1.-36- ft) 

■T/nD - advance— diameter ratio 

T 0 '. effective thrust., p.ounds :- 

p mass density of air, slugs per cubic foot 

7 airspeed, feet per second 

n propeller speed, 'revolutions' per second 

D propeller dlauoter (2 ft) 

Additional aynbols 'used' are defined as follows: 

a angle of attack of thrust . line., degrees . 

i^. angle of staMllzer setting with respect to thrust, .. 

line, positive when trailing- edge is down, degrees 

6 0 elevator deflection with respect to stahili'zer-' chord, 
positive when trailing' sdge is down, degrees 

angle of attack of tail, degrees 

e downwaoh angle, positive when vertical velocity at 

tail is downward (tends to reduce angle of attach 
of tail), degrees 

6f flap deflection, degrees 
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to 
to 
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3 propeller— "blade Betting at three—quarters of propeller 
radius (25°) 

h/"c" distance of ground plate "below pivot point in terns 
of Bean aerodynamic chord (fig. l) 

o wing chord at any seotion 

Corrections .— Data obtained with the propeller wind- 
milling were not corrected for tares caused by the support 
strut, "but -those from tests with power were oorreoted. The 
tare corrections for the cases with power were ohtained 
from tests with a dummy support without a ground plate. 

Tunnel— wall corrections to the data when the value of 
h/u was 0.658 (h = 10.75 in.) were not made because they 
were found to "be negligible (reference 3). When the 
ground plate was 37 inchos "below the pivot point, the 
following corrections were made: 



s 



La = 8 W - 0 L (57.3) 

s ac_ 

AC m = 0 L I (57.3) J 

01*. 



fl total " 5 w 



(1) 
(2) 

(3) 



where 

fi w j et— "boundary correction factor for wing (0.037) 

6 total to** 1 Jet— boundary correction factor at tail 
location (0.065) 

0 tunnel croBa— section area (57.5 sq_ ft) 



m 



oit 
l/<l 0 



change in pitohing moment per degree change in 
tail setting 

ratio of dynamic pressure at tail to free— stream 
dynamic pressure 



Equations (l) and (2) are standard wind— tunnel cor- 
rection formulas. .Equation (3) is equivalent to equation 
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(16) of reference 4. The standard j et— boundary correction 
factor 5 V was so oorreoted that it applied only to the 

top and the sides of the tunnel, leaving the effect of the 
ground hoard in the results. In order to make this cor- 
rection to 6 W , the value of 6 W was reduced in the same 

ratio as in reference 3 for correction to ground— hoard 
test results. The valuo of 6t 0 t a i was reduced in the 

same manner as the value of 8 W after it was obtained 

from figure 5 of reference 4. All corrections are added 
to the tunnel data. When the tail was removed, no correc- 
tion was applied to the pitching moment. 

Test Procedure .— The ground plate was set at two dis- 
tances "below the model. At one position (h = 10.75 in.) 
it Just cleared the wheels of the landing gear at zero 
angle of attack. In this position the wheels were about 
li inches above the plate at an angle of attack of 10°. 
At the second position h was 27 inches. In each posi- 
tion tests were made with the propeller windmilling and ■ 
with power through an angle— of— attack range from about 
—6° to the stall. Por each power condition tests were 
made at two stabiliser settings with elevator neutral and 
with the tail removed. At one of the stabilizer settings 
(2°) several elevator settings were tested. Lift, drag, 
and pitching moment were measured for each test. 

The power— on tests were run in such manner that, with 
elevator neutral and stabilizer set at about 2°, the 
thrust coefficient at a Given lift coefficient was as in- 
dicated in figure 2. The curve in this figure represents 
about 256 horsepower at sea level with a wing loading of - 
23.7 pounds per square foot. For other elevator or sta- 
bilizer settings the propollor speed at a givon angle of 
attack was kept the sane as for the test with the stabi- 
lizer angle of 2° and elevator neutral. The propeller 
speed required for a givon thrust was obtained from a pro- 
peller calibration of thrust coefficient against propeller 
speed. This calibration had been made with flap neutral 
at zero angle of attack with no ground plate preBont., The 
thrust coefficient was determined as the difference be- 
tween the drag coefficients with tho propeller removed and 
the propeller operating: 



T c « = 0.847 T 0 = 0 3 - 0 3 , 
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■ ■ Discussion 1 

:. Bffect of fltatlllaer Betting.-* The effects- of stabi- 
lizer setting with the ground plat e . at two ' heights with 
power on- and with propeller windmlllirig are shown in 
figure 3. With the ground at the closest position with 
reapeot t o- the "model (h/c = 0.658)' and with propeller 
windmill in g (fig; 3(a)) the slope of the pitching-moment 

■purve -r- 1 ^ i» about —0.014. This value is the same as 
da 

that obtained for the .model .of the P— 36A airplane with 
partial— epan split flaps near the ground (reference 2). 
■ The .pit oh ing— moment curves for the two stabilizer Bettings 
are parallel, as would be expected, and they Indicate a 

oOn 

value for- - — of about -0.0234. Ehis value 1b slightly 
ai t 

higher than that obtained for the F— 36A model with par— 
tia>-span split flap- away from the ground in which case 

■r— ^ was —0.0227. She increase is readily explained by 
ait- 

the' increase in effective aspec-t ratio of the. tail near 
the ground.' 

A* the same ground height (h/"C = 0.658) but with 
power on (fig. 3(b)), the slope of the pit chin g— moment 
curve varies with angle of attack and with stabilizer 
sotting, as is usually the 6as'.e with powsr'on. Shese 

dOjn 

curves are so far from trim that the value of -= — has little 

da 

significance, but it may be pointed out that the minimum 
value of elope shown is about —0.012. In comparison, the 
P— 36A model with power on and the same elevator and stabi- 
lizer setting but away from the ground had almost neutral 
stability.- Thus, the stabilizing influence of the ground ■ 
even when power 'is- applied, "is qjuite- marked. The value of 
-dC m 

-T-j— increases from —0.0257 at a = —5° to —0.0343 at a = 9°, 
oit 

giving an indication of ' the" increase ' in slipstream velocity 
over the tail as the lift coefficient increases. 
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When the ground height is increased' to h/"5 = 1.65, 

with the propeller windmilling (fig. 3(o)) is —0.0225. 

Vhen power is applied (fig. 3(d)), -s-r- has a smaller 

variation with a than when the ground is at h/n = 0.658. 
Thus, it appears that in free air most of the slipstream 
is "below the tail and that the presence of the ground tends- 
to push the slipstream up closer to the tail. 

Effect of eleva tor deflection .- The effect of elevator 
deflection with the ground at two heights and with power on 
and propeller windmilling is shown in figure 4. Tor either 
height above the ground and with the propeller windmilling 
(figs. 4(a) and 4(c)), the effect of elevator deflection 
is normal. The elevator ,■ however , loses its effectiveness 
"beyond a deflection of —25° and no further increment in 
pitching moment is obtained by a —30° deflection. It does 
not necessarily follow that this loss in effectiveness 
beyond 25° would occur with a full-scale model because of 
a favorable scale effect that has been observed in some 
tests. 

When power is applied (figs. 4(b) and 4(d)), the 
slopes of the pitching— moment curves decrease with negative 
elevator deflection (increase in download), as is to be ex- 
pected. It is interesting to note that the elevator effec- 
tiveness when h/u = 0.658 does not decrease very much even 
at a deflection of -30°. It is also interesting to compare 
the slope of the pit ching— moment curves with power on and 
with propeller windmilling for trim conditions. At the 
ground height h/c = 0.658, an elevator deflection of -^20° 
trims the model at 0 L = 1.79 when the propeller is wind- 
milling (fig. 4(a)). Withpower on (fig. 4(b)), the model 
is trimmed at C L = 1.93 by an elevator deflection of 

-15°. At these lift coefficients, = -0.015 for the 

dp, 

case of the windmilling propeller and —0.012 for the power- 
on case. 

Elevator deflection required for trim .— The elevator 
deflections required for trim at any lift coefficient with 
propeller windmilling and with power on with the ground 
plate at two distances from the model are shown in figure 
5. It may be seen that power considerably decreases the 
elevator deflection required for trim. Although the power 
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-.us edJ. In . t h-er pr eee-ntt -t e*B t s- .was gr eater than 1 would - be r e^- 
quired for level flight (see figs. 4(h) and. 4(d)), the. 

- - data .of figure 5 indicate that it should he much easier 

to. get the tail -do wa ; for , landing .wl-tk power" 'on- .than with 

£ .... propeller' w^najftilling. ■' - "'■ ■■■■■■ ■ 

lO ■ ..... . •- ■ . /'■'■, ■• ■ < ■ ■ ' ■' x" * ■ ■ 1 - ■ 

hI . -. ■' -Effect- of fiap.-s'-paft en' 'elevator def loot ion for.. trim .— 

. • ia, order -:>o- determine- j>^e>.. effect -pf > flap. 1 spaa. -on the ele- 
vator, deflection required, for trio, when- the airplane- is 
landing, :. it-: ijrouid.: he.; desirable tp compare.. the s-e. elevator 
deflections at .the- maximum lift .coefficients. with..the de- 
flections that -,would.:be obtained/in .full—scale" tests The 
present tests were -.made- at a Ipw Eeynolds number - andi there- 
fore the maximum lift -coefficients and the angles ■ of attack 
at ..-which .these-.ooeffici.ents. occur' are considerably lower 
than the full-scale values. 4s-. normal landings are. made 
with the airplane in a three— point attitude, the. elevator 
deflection required for trim in this attitude should be a 
satisfactory -basis for comparison. .Curves were therefore 

,. plotted of ■ eloyator . deflection -required for trim at vari- 
ous angles of attack with the full— span slotted flap -and 
with a partial— span split flap. The curves are shown in 
figure 6. The data for the partial— span split flaps were 
"taken from reference ,2; .Since the angle of attack of the 
airplane in the three— point attitude is 14.3° f the curves 
of figure 6 were extrapolated to this angle of attack, . 
This extrapolation, which assumes practioally no change in 
elevator, effectiveness, indicates that a deflection -of.; 
about —20° is 'required with the part ia'l— span split flap 
and a deflection of about —33° is required with the. full- 
span slotted flap: 

Fit chine worn ant... due La the tall.- Tigure 7. presents 
the characteristics of the. model with and without, the tail 
and with po'wor on' and with propeller windmill ing for the 
two heights of the ground : plate. ,The pitching moment con- 
tributed by the tail for each of the various conditions 
was determined from the data of these figures by the equa— 
. tlon -.; „ \ ; .' ■■ ' . ■ • : r . 

• • .. ■'. ■ 

- Cm t ;. " .^fail on! ".^(tail off ') : " \ 4) 

. The results, are. Bho.wn .in figure 8.. The faof that there is 
so little difference, between the -slope qf the curves of. 
pitching moment, due to tail with power on or off- when 
h/u = 0,658 may result from the tendency of the. Increase 
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•in. ; q/q. 0 .. diie. .to power to counteract the increase in de/da 
due '-to- power. . ." l - ; - 

i .... ( ... * ■' ■ 1 i . -■ . . 

Incident ally; -figure 7 indicates that 'there mnet "be 
either some interference' between fuselage and tail Qr else 
the tail drag contributes an appr eeiabi e : pit ching moment, 
■ hecaufl or .the. angle of-atta-ck at which the tail— off pitching 
moment equals the'. tail-on pitching moment (tail moment is . 
a-ero) .-does not ~ correspond to the- angle of- attack at- which " 
the tail-off... lift, equals, the tail-on lift (tail.'li'ft is 
zer.0r)j. .This-. .discrepancy, however, may aleo "be caused by 
tna<Ksuraoy..in- -the measurement-' of tho- relatively small 
changes in lift due to the removal of -the taiL. .If the 
'discr^epancy-.is due' to .interf erenea,- the .-tail angles of 
'attack.- and- the downwash angles d'ar-ivad from these curves 
must .be- ■ cons-id ere.d effective ariglas rather, than- actual 
angles.. *" '. 

!' ... /-»'.,*. ■ 1 .:; 

Angles, at -tail .— The average angles, of -attack of the 
tail 'for- each power ..condition' and' ground—plate height were 
•obtained- from the equation 

. - '■ '"- • . -- : '■ ' \ ' 'i . . • 

"-.V oe n /di t '■ : . < 5 > 

* ' . ■ ■ ■ •. . 

The value' of 0™ • for each case was obtained from figure 

■■ •■ -. * o0_ . " . 

B -'arid the value -of -r— S for each case was obtained from 

°*.t 1 

figure 3. The tail angles of attack aro shown' in figure 
9(a). ■-.'"■■ 

» ■- ■ ".' '. ■ 

If the tail angles of attack are known, the average 
d-ownwash angles- at the tail may be- computed ■ from tho formula 

' ' . ■ .: . "■ «- = U - at' " (6) 

These downwash angles are shown i-n. figure. 9(b).' ' In figure 
9(c) the downwash angles are plotted against the lift coef- 
ficient of tho model without the tail. It may be seen 
that the- partial— span split flap gives higher values of 
downwash than the full— span slotted flap for the same con- 
ditions, .of , lift , propeller operation, and ground distance. 
Also, as the model .approaches" the ground plate , not only 
the downwash angle but also the slope . de/dGj,- decreases. 

This condition is . true whether power is on or off. 



Comparison between computed and experimental values 
of downwash angles .— The downwash angles at the elevator 
hinge were computed for the case vhen the ground was 10.75 
inches "below the pivot (h/*3 = 0.658) "by, the method given 
in reference 5. These computed angles are compared vith 
the experimental values in figure 10. The comparison is 
not strictly Justified because the computed downvash 
values &o not take into account the effect of the windmill— 
ing propeller. She figure indicates that the presence of 
the windmilling propeller in the present case increases 
the downwash angle by about lf° throughout the lift range. 
Thus, Computations of elevator deflection required for 
trim, if the effect of the windmilling propeller is neg-" 
looted, will give values greater than actually required; 
Since the elevator on the model is about 60 percent as ef- 
fective as' the stabiliser, however, the difference between 
the computed elevator deflections and those obtained in 
the tests will he only ahout 3°. 

Maximum lift ooef f iclent .— The maximum lift coeffi- 
cient of the model with the full— span slotted flap, tail 
removed, power off, and near the ground was 2.0 (fig. 7(a)) 
Because a larger value was anticipated, calculations were 
made using the method of reference 6 to determine the 
maximum lift coefficient that might be expected. The re- 
sults of the computations indicated that the wing of thiB- 
model with the full— span slotted flap would give a maximum 
lift coefficient of 2.25 in the tunnel with the ground 
plate removed. ■ Vhen a correction was made for the effect 
of the ground' (refer ence 3), this maximum lift coefficient 
was reduced to about 2.1. 



0OU0IUSIOHS 

Tor a model of a low— wing pursuit-type airplane 
equipped with a 25— percent— chord full— span slotted flap 
defleoted 30 : 

1. The elevator deflection required for landing in a 
three— point attitude was considerably greater than that 
required when a 25— percent— chord, 55— per cent— span split 
flap deflected 45° was used. 

2. The elevator deflection required for landing was 
reduced by the application of power. 
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3- The praaenoe of the ground reduced the downwaah 
angles and the rate of change of downwash with angle of 
attack, whether or not power was applied. 

4. Theoretically determined downwash angles, if the 
effects of the windmilllng propoller Were neglected, were 
smaller than those dorivod from test data with power on. 
The use of the theoretical values in estimating elevator 
deflection required for landing gavo conservative rosults. 



Langley Memorial Aeronautical laboratory, 

National Advisory Committeo for Aeronautics, 
Langley Tiojd, 7a. 
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FIGURE Lr MODIFIED -L-SCflLE MODEL OF THE P-3<oft AIRPLANE. 

SHOWING THE FULL-SPAN 25- PERCENT - CHORD SLOTTED FLPlP USED. 
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Cb) Power onj h/c, 0.65&. 
Figure 3.- Continued. 
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Cd) Power on; h/C, 1.65. 
Figure 3.- Cone luded • 
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Cb) Power on; h/ff .,0.058; L ± , 2.25! 
Figure A.- Con+inued. 
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Figure 5.- Effect cf power on elevator deflection required for trim at any lift coefficient. Modified •==) 
P-36A low-wing model with full-span 0.25c slotted flap near ground. 6 f , 30°; 0,25°; q_, 16.37 £ 
pounds -oer souaro foot. 
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Figure 6.- Comparison of elevator deflection required for trim at any angle of attack with full-span and 
with partial-span flaps. P-36A low-wing model near ground. Windmilling propeller", h/e, 0.658; 
q, 16.37 pounds per square foot. 
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Figure 5.- Eftec+ of power.on pi+chmg- moment coe f f jejent due -fo 
toil of noodi-fi&d P-36 A low- v^ing model wiVh -full-span o.25c 
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F/aure 9.- Effect of power on angles at the fa// of the. mod/fiea P-3&Q 
low-wing model with full span O.XCc slotted flap near ground. 
&e , 0" > 8 , 2S ~° i ? i I&-37 pour.ds per square foot. 
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Figure 10.- Comparison betwoon experimental and computed values of dovmrash angloe for modifiod P-36A 
low-wing model with full- span 0.25c Blottod flap noar ground. 6 t = 30°, n/c" = .658. 
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